Bird communities in montane wet forest at three sites (altitudes 700,750 and 880 m) on the Central Plateau of Tasmania were surveyed over a 12-month period between December 1991 and November 1992. Monthly transect counts were carried out at each site. Snowf:,lls are common at all three sites during winter and snow can remain at the highest site for several weeks. Bird communities at the study sites showed significant differences in densities and seasonal patterns even though species composition was similar. These differences were influenced by the variation in habitats and the environments at the sites. Butlers Road, the lowest site with the mildest winters and greatest proportion of drier habitat, had the highest bird densities, while D'Arcys Bluff, at the highest altitude, had the lowest. The degree of seasonal changes of birds was similar to mainland montane wet forests, with over half the species moving either locally or to the mainland, However, there was variation in seasonal occurrences between the study sites, with proportionally more species moving from the highest site during the winter, Within the study sites, the wet forest habitats with a diverse shrub and/or fern understorey supported higher bird populations than did mixed forest and damp forest. Species richness is lower at these sites compared with equivalent montane forests on mainland southeastern Australia.
iNTRODUCTION
There have been a number of studies conducted in southeastern Australia describing the composition, seasonal changes and habitat use in bird communities in a range of fo rest types, including tern perate rainforest (Thomas 1980) , wet forests (Lamm & Wilson 1966 , Pattemore 1980 , Smith 1984 , Loyn 1985a , 1993 , Robinson 1991 ; dry forests and woodlands (Pattemore 1980 , Recher et al. 1983 , Recher & Holmes 1985 , Dickinson eta!' 1986 , Cale 1994 , Mac Nally 1995 ,1996 , Taylor & Haseler 1995 . However, there has been only one major study of the bird communities of wet forest in Tasmania that collected information over all seasons, that carried out by Pattemore (1980) in the Florentine Valley. Of the studies of birds in southeastern Australia, few have been undertaken on the bird communities in montane forests, where the winters are exceptionally harsh and snow can be continually present for weeks. Gall & Longmore (1978) and Osborne & Green (1992) reported on studies in the Snowy Mountains. However, these were centred on alpine and subalpine communities, Lamm & Wilson (1966) carried out a survey of the bird communities in montane wet forest in the Brindabella Range in the Australian Capital Territory and Thomas (1987) and Ratkowsky & Ratkowsky (1976 reported on bird communities in montane wet forest on Mount Wellington in Tasmania.
This paper documents bird communities at three sites in montane Eucalyptus delegatensis wet forest on the Central Plateau of Tasmania. The patterns of seasonal occurrences and use of habitats at the three sites are compared and discussed in relation to other studies in forests in similar environments. This study was undertaken as part of the pre-logging data collection for a project investigating the value for fauna of retained strips in production forests.
STUDY AREAS
Three areas on the Central Plateau of Tasmania were sampled. These were D'Arcys Bluff (AMG 4420 53291, elevation 880 m, northwestern aspect), Homes Dam (AMG 4475 53196, 750 m, southerly aspect) and Butlers Road (AMG 4473 53164, 700 m, southerly aspect). Jurassic dolerite underlies all three areas and forms a variably dense surface cover of Quaternary talus, Temperatures at the nearby settlement of Butlers Gorge (666 m) range from February mean daily minima and maxima of 6.2°C and 18. rc respectively, to July mean daily minima and maxima of-O.4°C and 6.9°C respectively. Snowfalls are common in winter, and at D' Arcys Bluff snow can lie on the ground for several weeks. Annual precipitation at Butlers Gorge, including snow, averages c. 1684 mm, with a winter maximum and summer minimum.
Small areas of cool temperate rainforest dominated by Nothofogus cunninghamii are present at Butlers Road. Rainforest also occurs at Homes Dam with Leptospermum lanigerum as a co-dominant. Vegetation at all three study areas is dominated by tall, open sclerophyll forest with c. 150-200 year old Eucalyptus delegatensis. The sclerophyll forest can be broadly subdivided on the basis of the affinities of the understorey species. Mixed forest has an understorey dominated by rainforest species. Wet sclerophyll forest has an understorey dominated by mesophytic (soft-leafed shrubs) and damp sclerophyll forest has an understorey with a mixture of species characteristic of both wet and dry forests. Shrub and ground cover varies within sites depending on canopy cover, dryness and surface rock abundance. The ground in wetter spots is bare under denser tree canopies, while the tree-fern (TWINSPAN, Hill 1979 ) on cover-abundance floristic data to identify communities. Twelve communities were identified. Two of these are rainforest communities. The remaining ten communities contained E. delegatensis as the dominant tree. The twelve communities were combined into four habitat types by grouping communities with a similar structure and floristic affinities (table 1) .
METHODS
A line transect method was used to survey birds. Two transects were located at Butlers Road, four transects at Homes Dam and three transects at D'Arcys Bluff. Length of individual transects varied between 0.337 km and 0.484 km. The transects were split into sections of different lengths (piece-wise linear design -- Burnham et al. 1980 ) to enable the sampling of different habitats in non-homogenous terrain. Transect length in each habitat is given in table 2.
Transects were surveyed (by RB) during a ten-day visit to the study area during the middle of each month from December 1991 to November 1992. Transects at Butlers Road were surveyed once per monthly visit, apart from June when they were surveyed twice. The Homes Dam and D'Arcys Bluff sites were surveyed twice per month with the following exceptions: due to poor weather conditions at Homes Dam in December and January, two of the four transects were only surveyed once; at D'Arcys Bluff in December, one of the three transects was only sampled once; none of the transects at D'Arcys Bluff could be surveyed in June as heavy snowfalls prevented access to the site. Transects were traversed during the morning, generally during the first four hours after sunrise. Surveys sometimes extended beyond this time, when poor weather led to a delayed start.
The transects were traversed at a steady walking pace. All birds seen were recorded regardless of distance from the line. Birds that were heard and not located and birds flying overhead were noted but not included in the count. For each bird detected, a sighting distance and angle (between the line of travel and the line of sight to the object) were recorded.
Observations of birds were assigned to one of four height classes based on the structure of the vegetation and were decided prior to the commencement of the study. The height classes used were: canopy, 20+ m (E. delegatensis crowns); mid layer, 5-20 m (tall shrubs, secondary trees); lower layer, 1-5 m (shrubs); and ground layer, 0-1 m (ground surface, fallen timber, low shrubs).
Species were assigned to classes based on the height class in which they were most frequently observed over all seasons. These are dwelling height classes as opposed to foraging classes, because they are not based on observations of foraging activity. However, for most species they equate to the height class in which most foraging is undertaken. The exceptions are species such as the robins and the fan-tailed cuckoo, which pounce on invertebrate prey on the ground from low perches, and the forest raven, which forages across a range of height classes. The substrate on which a bird was perched when first detected was also recorded. Substrates included the ground (litter), rocks, fallen timber (trunks and branches >100 mm), stags (dead standing timber) and plant species. Incidental observations of foraging behaviour were also recorded. Species were assigned a residency status based on their seasonal pattern of occurrence (from both sightings and calls) in the study area. Four categories were recognised: Resident species was present all year Summer visitor -species was only present in the summer months or present at other times in very low numbers relative to the size of the breeding population Winter visitor -species was present only in the winter months or present at other times in very low numbers relative to the size of the non-breeding population Itinerant -species was present in all seasons but not in all months. The species mayor may not breed in the study area. TRANSECT, a computer program which analyses line transect data , was used to calculate total densities of birds. The estimates of density were carried out on truncated grouped data. The greatest observed distance formed the truncation point, except in some cases where extreme observations (outliers) were excluded from the analysis, as recommended by Laake et al. (1980) . The significance of differences in density between sites and in different habitats was assessed by comparing the difference in the population means with the 95% confidence interval for this difference.
Sorenson's index (Barbour et al. 1980 ) was used to compare the similarity of the species composition at the three sites.
RESULTS
The numbers of species observed (table 3) 
Seasonality
Of the 32 species recorded during the study, 38% were resident, 28% were summer visitors, 19% were winter visitors and 15% were considered to be itinerant to the area (table 3) . Numbers of species tended to be lowest during winter and highest in late spring and early autumn ( fig. 2) . The general seasonal pattern of sightings for resident species was low numbers in winter, an increase in early spring, followed by a decline in late spring-summer and an increase in sightings again in summer-autumn (e.g. Tasmanian scrubwren, fig. 3 ). However, two resident species, both honeyeaters, the strong-billed and the blackheaded honeyeater, were present in low numbers during summer, not recorded in some months post-breeding and showed a peak during winter ( fig. 3) .
The summer visitors were either species which breed in Tasmania and ovetwinter on the mainland (e.g. fan-tailed cuckoo, grey fantail ( fig. 3 ), striated pardalote) or mainly local migrants which moved in from lower altitudes (e.g. flame robin, crescent honeyeater). The three mainland migrants, the black-faced cuckoo-shrike, grey fantail and silvereye, arrived in October and departed in April and May.
The winter visitors were all local migrants, although the brown thornbill is probably resident in low numbers at Butlers Road ( fig. 3 ). The spotted pardalote was seen on only one occasion in spring at Butlers Road. The superb fairy-wren, grey butcherbird and grey currawong are casual winter visitors, only seen in low numbers and not at all sites. The superb fairy-wren was observed only at Butlers Road and not during transect counts.
The black currawong was the only Itll1erant species recorded breeding at any of the sites. A nesting bird and juveniles were observed at D'Arcys Bluff and juveniles were also observed at Homes Dam. The other four itinerant species were sighted on transects at some time during the breeding season and, thus, possibly also breed at the sites ( fig. 3) . All of the itinerant species are medium to largesized birds which range widely in search of suitable feeding and breeding areas. Thus, they may be resident in the area but only occasionally be present on transects. Sightings of the black currawong and the yellow wattlebird peaked in the post-breeding period. The increase in numbers in this period was in part due to the presence of post-breeding flocks. In particular, the black currawong was more often observed in flocks outside of the breeding season. Flocks of 30-40 birds were not uncommon and one flock of 400 birds was observed passing through D'Arcys Bluffin winter. The pattern of seasonal changes in densities of birds differed between the sites ( fig. 4) . At D'Arcys Bluff densities were greatest during the autumn months, whereas at Homes Dam highest densities were recorded during summer. Bird densities at Butlers Road were more uniform over the year, apart from two months of the year when densities were markedly different, being high in February and low in October. (11) 7.6 (6) 2.2 (4) 
Use of Height Classes by Species
The percentage of species in each height class use group was: canopy 37%, mid layer 30%, lower layer 20% and ground l3% (table 4) . Birds which were recorded mostly in the lower layer, apart from the yellow-tailed black-cockatoo, also used the ground layer and the mid layer with little or no use of the canopy. Of the species classified as mid layer species, the brown thornbill, grey fantail and silvereye also had a high use of the lower layer and the grey shrike-thrush had a high use of the canopy. The crescent honeyeater had TABLE 5 Density of birds* in each habitat at the three study sites a high use of both the lower layer and the canopy. The black currawong was observed in all height classes. Species which occurred predominantly in the canopy, apart from the black-faced cuckoo-shrike, were also commonly observed in the mid layer with the green rosella and yellow-throated honeyeater also making use of the lower layer.
Month
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Habitat Use
At all sites, the densities of birds in wet forest with ferns (WFf) were either greater than other habitats or equivalent to one of the other habitats (table 5) . Densities of birds were also lowest at all three sites in the same habitat, the wettest habitat mixed forest (MF), although at Hornes Dam densities were not significantly different from those in damp forest (DF). For each of the habitats there was a decline in density with altitude (i.e. Butlers Road> Homes Dam> Darcys Bluff).
DISCUSSION

Species Richness
The number of species recorded during the study (32) is similar to that recorded in the three other studies of wet forest bird communities in Tasmania (Ratkowsky & Ratkowsky 1976 -30 species in E. delegatensis forest at 600-800m; Patte more 1980 -32 species in E. regnans mixed forest at 400-500 m; and Thomas 1986 -36 species in E. obliqua mixed forest at 600 m). In a study of bird assemblages in montane dry forest, Taylor & Haselar (1995) recorded 39 species of birds. This is consistent with other studies in Tasmania, which have shown that dry forests contain a greater number of bird species (Dickinson et al. 1986 -49 species; Taylor et al. 1997 -57 species) than wet forests. This contrasts with studies on the mainland, which have shown that wet eucalypt forests host more abundant and diverse bird communities than dry eucalypt forests (l.oyn 1985b (l.oyn , 1993 (l.oyn , Recher et al. 1985 (l.oyn , 1991a . Studies in montane wet forest on mainland southeastern Australia have recorded greater numbers of species than was recorded in this study (46 species --Robinson 1991; 65 species -l.oyn 1985a; 63 species --l.amm & Wilson 1966; 61 species -Osborne & Green 1992). l.ike most islands, Tasmania has fewer bird species than the adjoining mainland, and consequently the avifauna of its forests is less diverse than similar forest on the mainland (Ridpath & Moreau 1966 , Thomas 1974 ).
Seasonal Occurrences
There was considerable seasonal variation in the bird communities at the study sites. Over half of the bird species in the study area move away, either locally orto the mainland, at sometime during the year, and the resident species also displayed seasonal fluctuations in numbers. Similar seasonal changes have been documented in forests in southeastern Australia. Recher et al. (1983) observed that about half of the species at their study site in montane woodland in the Southern Tablelands of New South Wales were absent during the winter. In a study of birds in montane wet forest
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in the Brindabella Range in the Australian Capital Territory, 70% of species left the study site at some time during the year (l.amm & Wilson 1966) . l.arge-scale seasonal changes in species composition have also been recorded in other forest bird communities in southeastern Australia (Robinson 1991 , l.oyn 1985a , 1993 , Mac Nally 1995 . The same degree of seasonal variation in bird communities as found in this study has also been recorded in lowland dry sclerophyll forest (250 m a.s.!.) in southeastern Tasmania, where about half the species moved away from the study area at some time (Thomas 1986 ).
The pattern of changes in species richness over the year is similar to that observed by Recher et al. (1983) in montane forest in mainland southeastern Australia. This response to seasonal changes is primarily due to changes in the availability and abundance of insects and the flowering and fruiting of plants (Recher et af. 1983 , 1991 b, Recher & Holmes 1985 , Ford 1989 .
Despite winter being the harshest season of the year, some species were only regularly observed at this time (e.g. the brown thornbill and yellow-throated honeyeater). These two species did occur in adjacent forests, and a small number of brown thornbills were recorded on occasions in summer at Butlers Road. It appears that during winter these species moved into the study sites as part of a pattern for species to move over larger areas in search of food.
The strong-billed honeyeater and black-headed honeyeater commonly formed mixed feeding flocks in the winter. Other species, such as the grey shrike-thrush, Tasmanian thornbill, crescent honeyeater and yellowthroated honeyeater occurred in these flocks on occasions. An influx of honeyeaters in the winter has been recorded in other montane forests in southeastern Australia (Robinson 1991 , l.oyn 1993 , Recher & Holmes 1985 . These mixed feeding flocks foraged mainly under the loose bark shed by the upper trunk and branches of E. delegatensis. Bark is shed by eucalypts during late autumn and winter and provides a rich foraging substrate for birds (Recher et al. 1983 , Turnbull & Madden 1986 ). Manna and honeydew, both sugar-rich carbohydrate are abundant under loose and peeling bark, which also provides shelter for invertebrates over the winter months.
The number of species was at its highest in spring, when the summer migrants arrived back in the study area. Bird abundance also increased in spring. Shrubs such as Prostanthera lasianthos and Pittosporum bieolor were flowering at this time and provided a foraging resource for nectivores such as the eastern spinebill. This species moves in from lower altitudes to take advantage of this resource.
The summer decline in species diversity and abundance at the study area is most likely related to the behaviour of birds during the breeding season. In spring, when the summer migrants first arrive, detection of birds is facilitated by their involvement in territorial and mate selection behaviour, resulting in high counts. When birds have formed territories and are nesting it is likely that fewer individuals and fewer species will be detected along transects. After egg laying, birds are less conspicuous, and this probably also contributed to lower counts. However, there was variation between sites. Thus, in February Butlers Gorge had the lowest number of species and the greatest abundance of individuals. This variation in numbers of birds during late spring and summer was also recorded by Recher et al. (1983) .
The post-breeding increase in numbers of species, and to some degree bird abundance, was probably due to the presence of fledged birds appearing on the transects and was correlated with an increase in the number of flocks observed during the summer-autumn period. Passage migrants (e.g. black-faced cuckoo-shrike) and birds dispersing from other habitats (e.g. brown thornbill, yellowthroated honeyeater) began to appear at the study sites at this time of the year. D'Arcys Bluff was characterised by greater environmental extremes, with colder winters and heavier and more frequent snowfalls than the two other sites. The seasonal movement of birds in areas with regular winter snowfalls has been related to the reduced availability of food caused by cold weather and shortened day length and the physiological demands of cold weather (Osborne & Green 1992) . Proportionally more species left D'Arcys Bluff during winter and moved back into the site during the breeding season compared to the other two sites. The difference between the minimum and maximum numbers of species per month seen on transects was 14 at D'Arcys Bluff compared with ten at Homes Dam and seven at Butlers Road. This contrasted with variation in densities with the difference between the highest and lowest monthly density being 20.8/ha at Butlers Road, 14.4 at Homes Dam and 10.9 at D'Arcys Bluff. Thus, although densities were lower at D'Arcys Bluff they were less variable than at the lower altitude sites. This may be due to smaller numbers of summer migrants moving into this highest altitude site but greater numbers of species leaving the site to avoid the harsher winter conditions.
Use of Height Classes
The use of height classes by species at the site is similar to that found for the same species in montane forests on the mainland (Recher & Holmes 1985) with two exceptions, the brown thombill and the grey shrike-thrush. In forests on the mainland, the brown thornbill is found mostly in shrubs in the lower layer, where it mostly forages for invertebrates in the foliage (Recher et al. 1985 , Loyn 1985 . On the Central Plateau, the Tasmanian thombill occupies this niche, being a wet forest species which gleans invertebrates from the foliage of shrubs and understorey trees. In contrast, the brown thombill is mostly found in the midlayer, where it was often observed gleaning for invertebrates on the trunks of trees. The brown thornbill is predominately a winter visitor from surrounding drier forests and may be exploiting a substrate (the trunks of trees) in a height class which is little used at that time of the year. The brown thornbill was present in small numbers at Butlers Road through the summer; this site had a greater area of drier forest.
The grey shrike-thrush predominantly inhabits the ground and shrub layers on the mainland, where it takes invertebrates mainly from the ground and, to a lesser extent, from branches and loose bark (Recher et al. 1985) . On the Central Plateau, this species was more often observed in upper layers, where it foraged on bark on the trunks and branches of trees. The extensive use of bark substrates by the brown thombill and grey shrike-thrush has also been recorded by Cale (1994) in dry forests in northeastern Tasmania and by Keast (1968) , who suggested it was due to the absence of the specialist bark foragers, the treecreepers (Climacteridae) and varied sittella Daphoenositta chrysoptera, from Tasmania.
There was a greater proportion of species classified as canopy species (37%) and a lower proportion classified as ground species (13%) compared with the study of Recher & Holmes (1985) for montane forest in southeastern Australia (12% and 32% respectively). These differences are probably related to the differences in forest structure, with Recher & Holmes (1985) undertaking their study in regrowth with a much reduced canopy height (17-22 m) compared with our sites (50-70 m).
CONCLUSION
This study supports the findings of Mac Nally (1995 , 1996 on the variability of bird communities. Thus it appears that bird assemblages ofT asmania, a large island, are as changeable as are continental bird communities. However, despite this changeability, broad-scale differences in the bird communities at these three study sites on the Central Plateau appeared to be related to local environmental changes over a relatively short altitudinal gradient.
